The electron-doped cuprate superconductors are an important component in the puzzle of the high temperature superconductivity. The undoped material is a Mott insulator with the antiferromagnetic long-range order, then superconductivity emerges when electrons are doped into this Mott insulator [1] . It has been found that only an approximate symmetry in the phase diagram exists about the zero doping line between the hole-doped and electron-doped cuprates, and the significantly different behavior of the electron-doped and hole-doped cuprates is observed, reflecting the electron-hole asymmetry [1] . Furthermore, in spite of the unconventional superconducting (SC) mechanism, the angle-resolved photoemission spectroscopy experimental results have unambiguously established the Bogoliubov quasiparticle nature of the sharp SC quasiparticle peak in the hole-doped cuprate superconductors [2, 3] , then the SC coherence of the low energy quasiparticle peak is well described by a simple d-wave BCS formalism [4] . In this case, the investigation of the similarities and differences of the Bogoliubov quasiparticle nature between the hole-doped and electron-doped cuprate superconductors would be crucial to understand the SC mechanism of cuprate superconductors.
The Bogoliubov quasiparticle is a coherent combination of particle (electron) and its absence (hole), i.e., its annihilation operator is a linear combination of particle and hole operators as [5] γ k↑ = U k c k↑ + V k c † −k↓ , with the constraint for the coherence factors |U k | 2 + |V k | 2 = 1 for any wave vector k (normalization). In this case, the Bogoliubov quasiparticle do not carry definite charge. This particle-hole dualism of Bogoliubov quasiparticles then is responsible for a variety of profound phenomena in the SC state. Recently a quantity referred to as the Bogoliubov angle has been introduced in terms of the coherence factors U k and V k as [6] ,
which is the manifestation of the particle-hole dualism of the Bogoliubov quasiparticles, for example, for Θ k = 0, the Bogoliubov quasiparticle excitation will be a hole-like, whereas in the opposite case of Θ k = π/2 the Bogoliubov quasiparticle is essentially an electron-like. Moreover, the angle that corresponds to the strongest admixture between particle and hole is Θ k = π/4. In our earlier work [7] based on the kinetic energy driven SC mechanism [8] , the momentum dependence of the low energy quasiparticle spectrum and the related Bogoliubov angle for the hole-doped cuprate superconductors are studied, and some main features of the Bogoliubov angle for the hole-doped cuprate superconductors have been quantitatively reproduced. In this paper, we study the physical properties of the Bogoliubov angle in the electron-doped cuprate superconductors along with this line. Our present studies show that the physical properties of the momentum dependence of the low energy quasiparticle spectrum and the related Bogoliubov angle in the electron-doped cuprate superconductors are very similar to that in the hole-doped case. In the vicinity of the Fermi surface the spectral intensity of the two branches (electron and hole branches) show opposite evolutions as a function of the wave vector k, and then the Bogoliubov angle increases monotonically in a wave vector cut through the Fermi surface.
It has been shown that the essential physics of the electron-doped cuprate superconductors is contained in the t-J model on a square lattice [1, 9] ,
where
are the spin operators, µ is the chemical potential, and the projection operator P removes zero occupancy, i.e., σ C † iσ C iσ ≥ 1. For the hole-doped case, a charge-spin separation (CSS) fermion-spin theory has been developed to incorporate the single occupancy constraint [10] . To apply this CSS fermion-spin theory in the electron-doped cuprates, the t-J model can be rewritten in terms of a particle-hole transformation C iσ → f † i−σ as,
supplemented by a local constraint σ f † iσ f iσ ≤ 1 to remove double occupancy, where f † iσ (f iσ ) is the hole creation (annihilation) operator. Now we follow the CSS fermion-spin theory, and decouple the hole operators as,
, with the spinful fermion operator a iσ = e −iΦ iσ a i describes the charge degree of freedom together with some effects of spin configuration rearrangements due to the presence of the doped electron itself (charge carrier), while the spin operator S i describes the spin degree of freedom, then the single occupancy local constraint is satisfied. In this CSS fermion-spin representation, the t-J model (3) can be expressed as,
where J eff = (1 − δ) 2 J, and δ = a † iσ a iσ = a † i a i is the electron doping concentration. For a microscopic description of the SC state of cuprate superconductors, the kinetic energy driven SC mechanism [8] has been developed based on the CSS fermion-spin theory, where the charge carrier-spin interaction from the kinetic energy term in the t-J model (4) induces a charge carrier d-wave pairing state by exchanging spin excitations in the higher power of the doping concentration, then the electron Cooper pairs originating from the charge carrier pairing state are due to the charge-spin recombination, and their condensation reveals the dwave SC ground-state. In particular, this kinetic energy driven SC state is the conventional BCS-like with the d-wave symmetry, so that some main low energy features of the SC coherence of the quasiparticle peaks have been quantitatively reproduced [11, 12] , although the pairing mechanism is driven by the kinetic energy by exchanging spin excitations. It has been shown from the experiments that the hot spots are located close to [±π, 0] and [0, ±π] in the hole-doped cuprate superconductors, resulting in a monotonic d-wave gap function [13] . In contrast, the hot spots are located much closer to the zone diagonal in the electron-doped case, leading to a nonmonotonic d-wave gap function [14] 
In this case, we [15] have evaluated explicitly the electron Green's function of the electron-doped cuprate superconductors, and then the electron spectral function is obtained from this electron Green's function as,
where the electron coherence factors U 2 k and V 2 k , the electron quasiparticle coherent weight Z F , and the electron quasiparticle spectrum E k have been given in Ref. [15] . With the help of the electron spectral function (5), now the Bogoliubov angle of the electron-doped cuprate superconductors can be obtained explicitly as, In cuprate superconductors, although the values of J and t is believed to vary somewhat from compound to compound, however, as a qualitative discussion, the commonly used parameters in this paper are chosen as t/J = −2.5, t ′ /t = 0.3. In Fig. 1 , we plot the electron coherence factors in the monotonic d-wave charge carrier gap function B = 0.0471J. Our results show that as in the hole-doped case [7] , the electron coherence factors U 2 k and V 2 k in the electron-doped cuprate superconductors have contrary evolution, and they would be equivalent at Fermi wave vector k F , then V 2 k + U 2 k = 1 is always satisfied. Now we turn to discuss the momentum dependence of the Bogoliubov angle. In Fig. 2 , we plot the Bogoliubov angle Θ k along the cut direction [0.595π, 0.345π] to [0.602π, 0.352π] in the Brillouin zone with temperature T = 0.002J at the doping concentration δ = 0.15. It is shown obviously that the Θ k increases monotonically across the Fermi crossing point, suggesting a continuously evolution of the particle and hole mixing. As we expect, Θ k = π/4 at k F , which means the particle and hole mix equally at k F for cuprate superconductors. In particular, the behavior of this momentum dependence of the Bogoliubov angle in the electron-doped cuprate superconductors is very similar to that in the hole-doped case [7] .
In conclusion, within the framework of the kinetic energy driven SC mechanism, we have shown that the momentum dependence of the Bogoliubov angle in the electron-doped cuprate superconductors increase monotonically across the Fermi crossing point, in qualitative agreement with the results of the hole-doped cuprate superconductors. Our results also show that the SC coherence of the low energy quasiparticle peak in the electron-doped cuprate superconductors can be described by the BCS formalism with a nonmonotonic d-wave gap, although the pairing mechanism is driven by the kinetic energy by exchanging spin excitations.
